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SUMMARY

Comflressiontests ~ere nade on severai sarles of
flat panels with Z-sect~oi~ stifi’eners~in wh~ch relattve
dfmsnhjcns were varied individually, The test data
presented sl,owthe effect of each dimension ratio on the
bucklifigstress for the sheet and on the average stress
at maxtiuiuioad.

%veral saries OS compression tests have been made
on yne13 viithZ-secticn stiffeners formed from flat
cAIee%(s9e fig. 1) to show the ixaportenceof relative
M.ymna:onq in determfnin~ tke strength of the panels.
TY:savera~e compressive stresses at RMcimum load and
tklsbUC:;LiI)~s%resses fGr the sheet obtained in the in-
vestq;atlon are presented in this report$ which is’an
extenslm of reference 1 and which supersedes this
referei-me.

width of’attachment flqe

wldtb OS outstanding flange

spacins of 3tiffeners

width of web

thickness of stiffener
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% thlclmess of sheet

rA radius of bend between web and attachment flange

rF radius of bend between web and outstanding flange

L length

c end-fhity coefficient in Euler column formula

acr bucklhg stress of sheet

%sx average stress in panel at maximum load

TEST SP~I15XlS

The specbens used in the tests were constructed
24S-T aluminum alloy with the ~raln in both sheet and
stiffeners parallel-to the lon@tudinal aXiS of the stiff-.
kmezs; . Longitudinal stress-strain curves representa-
tive of the group of specimens for which the ratio
%/tS was o-51 are presented ti fIgure 2. Inasmuch as
the investigation of which these tests are a part is
still in progress, a complete set of stress-strain curves
Is not yet avaSlable.

The stiffeners for all panels were formed from sheet
material 0.064 inch thick. From the value ~ = 0.064,
the actual dimensions of any panel can be determined “
from the dimension ratios subsequently presented h9rein.
A lmowledge of the actual dimensions is not necessary,
however, beoause the stresses that can be carried are
established by the relative dimensions of a panel.

The stiffeners were attaohed to the sheet with
machine-countersunk flush rivets driven by an NACA flush-
riveting procedure. These rivets consisted of ordinary
flat-head rivets inserted from the stiffener side of the
joint, the countersunk heads being formal in the driving
process, A flush-rivet milling tool of the t3~e de-
scribed in reference 2 was used to remove the portion of “
the formed countersunk head that protruded above the
sheet surface after driving. The rivets in each stiff- “
drier were driven in a single operation on a Cincinnati
press brake as shown In figure 30 Machine-countersunk
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rivets of this tyre have been found to be tighter than
the conventional flush rivets. (See reference 3.) A
number of tests were rsadeto obtain a comparison between
conventional round-heaciri~e~s and this new type of rivet
when it is auplo~ed in tineconstruction of stiffened
panels. The results of these tests may be obtained from
reference 1. The conclusion was that the new type of
rivet is as strong as or stron~er than conventional
round-head rivets used for &ttachin& stiffeners to the
sheet within the ran&e of proportions Included in these
tests.

In all panels, the rivets were A17%!? aluminum
alloy. Tke included angle of the countersunk head was
60° and.tinedspth of countersink %as three-fourths of
the sheet thic~ess. The rivet spacings and rivet
diamters used in the test panels are given in tezm of
the shset tkickmess in the following table:

% Rivet spaci

‘1

R5vet t!iaueter
q tc.U %

C)*51 10.0 1.50
e63 12.3 1s84
.79 X2,$ 1.56

3..00 11.7 1.95
i

lETFOD OF THTING

The specimens were tested with flat ends in the
1,200,000-pound-capacAty testing machine in the lTACA
structures research laboratory in the manner shovm in
fi~ure 4. The accuracy of load measurement for
this machine was within one-half of 1 percent. Yhe
ends of the specimens ~:ereground flat and parallel in
a planer especially adapted for rhis purpose, and the
method of alinemnt of the spscimens in the testizg
maohine was such as to maintain this flatness and
parallelism of the ends.
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RE8UIJ!S MD CONCLUSIONS

Because stresses are established by the relative
rather tinanthe absolutd dhensions of the specimens,
the results are Fresented in nondimensional form. .

Figures 5 to 8 and tables I to IV present test data that
have been reduced to take into account the end flxlty
that existed in the tests. The flxity coefficient for
similar specimens tested in the same testing machine has
been found to be about 3.75, and that value was used in
the reduction of the data. Two scales are given for the
abscissas in figures 5 to 8 - one for a fixity coeffi-
cient $ = 1, and the other for c!= 1.5.

The data are adjusted to give stresses for panels
that are sufficiently wide to be con~idered as having
an equal number of stiffeners and bays. This adjust-
ment was made, in the calculat~.onsof average stress at
msxlmm load, by subtracting from the total area and the
total load the area and the load for one stiffener; the
load In a stiffener was obtained by extrapolation of the
load-strain curve for the stiffener. The adjustment
was in every case less than 4 percent of the stress.

The sheet-buckling load was obtained from the load-
strain curve for the sheet and was taken to correspond
to the point at which the compressive strain on one
side of the sheet began to be reduced with increasln$
load. No correction for the number of stiffeners and
bays was made in the calculation of buckling stress
because the stress was assumed to be uniform until
buckling occurred. The values of sheet-buck~lng stress
given in figures 5 to 8 are the averages of the values
shown for corresponding ~oups of panels in tables I to
Iv. I

.

,..-

The important feature of tables I to IV and fig-
ures 5 to 8 is the presentation of the actual dataSbe-
cause these data enable the designer to study the effect .

of various dimension ratios m the avera~e stresfiat
mszlnnnn load and on the buckling stress for the she@t-
stlffener combination.

The following conclusions as to the effecc of each
dimension ratio on the average stress at maximum load
and on the buckling stress can be drawn from the data

--
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shown In the figures and tables, if It is assumed In each
case that ‘the-other ratios are held constant. “

The specirienahaving ‘Z-sectionstiff’enerswith
~/b~l~ 6.2 develcped less compressive stress at maximum
load than those with bF/bYl= 0.39 0.4, or 0.5. Little
change Is noted In the average stresp for the values of
‘F/~J above 0.3. Changes in the ratio b~~ have no
apparent effect M the buckling stress of t~lesheet.

2. l%e average stress at maximum load and the
buckling stress of the sheet decrease with increasing
values of the ratio b+#tS.

3. The average stress at maximum load decroasbs
with increasing values cf the ratio L/b-:l over the

ran~e of values used. The tabulated tbatareveal no up-
parent eff’ect oi’the ratio L/_q~ on the huclcling stress

of the sheet over this ran~e.

4. The avera~e stress at maximum load increases
with increasln~ values of the ratio t~i,’ts. Although
the sheet-buckl:n~ stresses for panels with tyJ/ts= 1.00

were higher than f’o~ corresponding groups of panels with

@~ = 0.51, the dt?fercnca is not large and there ap-

pears to be n3 COYlS3tSt~ilt trend over tile range of
values of tjy/t~ investigated.

Gbw Changes in the ratio bF/~: have little ap-

parert e~fect on either the average stress at maximum
load or tke bucklinc stress of the skeet.

Some of the foregoing conclusions have been known
to aircraft des~g~ers, but r:~merical values havo not
been Gvailabla to establtsh the optimm proportions in
a Siven design nroble?n. Ehls series of tests wes made
to suiJply some numenics.1 deta.

Langley wem~rldl A9ronautlcal T,abaratory,
National AdvicJoryCommittee for Aeronautics,

Langley Flold, Va.
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Figure 1.- Cross section of Q test panel.
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Table I

TABLE I.- TEST DATAFOR PANBL8 WITH

NACA

t@g = 0.51

1
.2

O*3

0.4

0.5

-----
-..--
--.--
-----

-----
-----
--..-

E
+
~1608 --,---

5.1 17.1
9.0 26.6
12.9 1?.6
18.X ---.-

24.7 4.0 -----
7.3 7.0
1004 604
14.7 7●2

4.1 -----
7.8 7.4
11.2 7.1
15.5 7.4

4.6 8.7
8.3 7.6
U.8 6.9
16.4 7.7

5.0 7.3
8.8 7.6
12.5 700
16.5 7.0

5.4

lU
18.7

29.9
30.1
26.1
15.4

31.5
30.6
25.6
14.9

19.8
18.4
16.0
12.0

22.3
20.4
12.9

5.7
10.1
14.’7
20.2

26.2
24.0
21.9
15.0

22.4
18.4
16.5
12.2

.

20
6.0
10.8
15.1
21.4

----- 31.2
----- 32.2
----- 25.8
----- 1!5.2

5.5
9.6
13.6
19.2

x
10.1
14.3

17.4
17.0
17.0

26.7
25.1
21.2
14.6

20.5
29.2
16.7
22.0

l::;
15.9
22.6

17.7
17.1
16.9

26.3
23.7
21.1I----- 30.3

----- 26.4
20..2i-----f15.0

F
5.2
9.1
12.9
18.1

5.3

J::
1905

5577
1600
15.2
11.2

G
18.6
16.5
13.7

s
1904
17.5
12.2

a
19.4
17.6
U,8’

I

0.2

0.3

5.8
10.2
14.4
20.0

----- 30.2
----- 27.9
---.- 25.I
----- 14.6

1601
16.3
16.1
.-..-

24.2
21.6
19.7
12.4

n
24.7
20.8
15.2

m
24.0
22.2
13.6

E
24.9
22.8
15.9

4.4
7.0
21.2
15..4

9.0
7.6
7.0
6.9

K
703
707
-----

x
7.6
7.8
7.2

m
7.5
7.8
8.2

m
7.2
7.2
7.0

704
7.3
703
706

6.8
7.6
7.2
708

7.8
8.7
7.2
704

1:::
15.5
21.4

6.5
11.5
16.5
23.4

6.9
11.8
17.0
23.7

*

30.3 I32.50---- 31.7
----- 26.6-

4.9
8.4
11.9
16.6

=
8.8
12.5
18.2

. . . . .
1’7.2
17..6
e.---

25

I----- 30.9
----- 31.2
----- 26.9 k

5.7
10.2
14.5
22*O

6.2
10.6
15.4
21.3

15.9
1602
17.9
--e--
-
16.1
16.7
17.5
-----

0.4

----- 32.3
----- 31.4
----- 27.0

5*4
9.4
13.5
18.6

0.5

~

002

0.3

0.4

O*5

--.--
---.-
..---
.----

K-----
-----.... .
---.------
-----
-----
----------
-----..---

46.$3
8.4
11●4
1606

5.3
9.0
12.6
17.6

mm.
17.7
25.0
11.3

20.0
18.9
1604
13.6

19.2
29.8
17.7
13.4

20,6
19.8’
~voo
13.2

6.1
10.6
15.2
23..2

29.9
26.8
24.1
16.0

31.4
30.7
27.0
16.8

5.5
9.6
13.7
19.3 -1

23.2
21a9
18.4
13.6

.

M
16,2
22.8

5.9
10.2
14.6
20.%

6.2
1009
1s.4
21.6

i

25.6
24.3
22.6
15s7

25.0
23.8
22.6
1604

25.5
24.4
23.0
1.605“

30
30.7
31..O
27.5
17.4

G
30.3
27.5
17.5

5.3
9.6
13.5
18.8

5.8
1000
1403
20.1

7.2
11.2
17.9
25.2

6.5
1105
16.0
22.3

16.7
16.8
16.9
--..-

——... ..—___ . .——-
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NACATable II

TABU II.- TEST DATA FOR PANELS WITH tw/tg = 0.63

bS
q. = 35 75

nbF
& EEIa acr

(ksi)
‘max
(ksi)

0.2

0.3

0.4

0.5

T
----- 32e6
----- 30.3
----- 25.7
----- 14.3 T

5.4 17.4
9.6 15.6

13.9 16.8
19.3 -----

5.9 15.9
10.3 16.0
14.7 17.1
20.4 --.--

26.0
23.6
20.1
14.5

4.8
8.4
12.1
16.9

%Y
8.9
13.0
18.0

8.9
8.2
6.2
6.9

20.4
20.2
15.8
12.0

z
20.2
15.8
13.0

6.1
10.7
15.2
21.3

20

ziiz-6.5
1s.5
16.2
22.5

29.4 32.0
----- 32.8
----- 25.4
----- 15.6

-----
6.9
8.0
7.6

25.0
21.8
15.1

T----- 33.5
----- 34.0
----- 28.3
----- 15.4

6.3 -----
11.1 -----
15.5 16.5
21.8 -----

28.3
25.8
22.2
14.5

5.5
9.6
13.8
19.2

7.8
-k...
7.3
7.7

22.7
21.3
17.2
12.5

1::;
16.5
24.3

m
12.4
17.8
24.6 T29.? 35.5

----- 32.o
----- 29.4
----- 17.7 w L&L_

5.6 ---m.
10*O 6.9
14.4 7.0
0 77

22.4
20.5
18.5
u

Ti-
10.6
15.6
21*Z

7.3
7.6
7.s
7.7

T 7.1 1----- ]31.7

II
20.9
17*8
14.1
10.0

12.4
17.9
25.1

----- 29.0
23.1
13.6

0.2

-----

----- 6.5
11.4
16.3
----

7.9
7.s
8.2
-----

;::
7.9
8.0

22.7
19,2
15.6
----

1:::
19.2
26.3

33*1
32.4
24.7
14.4

+

7.1 18.0
12.4 16.6
17.8 15.8
26.3 -----

7.5 15.5
13.4 16.4
18.8 -e---
26.0 -----

27.4
25.0
20.6
13.s

G
25.0
20.4
1s.5

0.3 -----
-----

8.0 I-----1 33.8 6.9
11.9
17.1
24.2

_ZE-
10.5
15.5
21.s

22.1
14.0 II-----32.420.0 ----- 26.1
27..5 ----- 15.1

19.8
16.4
11.3 I0.4

122.720.9

1 a

7.5 129.7 ]32.5 I6.9 16.9
12.2 16.1
17.2 16.8

28.0
26.2
23.0

8.1
7.3

X_m0.5

A!J18.1
123.5 I----- [17.2

6.6 29.6 31.2
11.4 ----- 27.3
16.5 ----- 23.5
22,8 ----- 16.9

7.1 ----- 30.7
12.3 ----- 29.9
17.6 ----- 27.9
24.2 ----- 17*9

----- 30.7
1;:; ----- 31.4
18.1 ----- 28.1
25.4 ----- 18.5

----- 30.4
1::; ----- 29.1
19.3 ----- 27.6
27.0 ----- 18.0

EIEE

:

0.2

0.3

0.4

0.5

+

5.4 7.4
9.4 6.9
13.8 8.1
19.0 7.6

5.8 -----
10.2 7.2
14.s 7.6
20.4 7.6

6.2 8.4
10.8 7.5
15.3 8.0
21.4 7.9

29.9
17.3
16.9
13*1

20.6
19.6
18.6
13.8

30
21.2
21.0
18.8
14.1

21.0
20.2
18*O

6.8 16.3
12.0 17.8
16.9 16.6.
23.8 -----

:::;

23.2
16.2

II
7.2 16.1 26.2
12.7 15.8 24.0
i8.1 15.4 22.3
5.0 ----- 17.1 -L

6.5 6.4
11.4 8.3
16.5 -----
226 70
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Table III

TABLE III.- TEST DATA FOR.PANELS WITH

[. = 1]

NACA

t@s = 0.79

$

20

25

30

?
6.6

0.2 11.6
16.7
23.0

7.0

0.3 12.5
17.9
25.3

7.4

0.4 13.2
18.7
25.8

0.5 1:::
18.9
26.6

----- 34.1
----- 31*G
----- 27.7
----- 16.9

----- 34.5
----- 34.4
----- 26.9
----- 16.5

27.4 35.7
----- 34.6
----- 29.7
----- 16.8

----- 34.8
31.6 33.7
26.1 27.7
----- 17.6

21.3
19.8
16.1

6.2 18.7 2’6.9
10.8 18.8 24.1
15.5 17.5 21.5
21.5 ----- 16.3

5.6
- 9.8
14.1
19.6

7.4
7.9
8.4
8.3

9.6
8.7
8.8
9.6

---1
6.5 ------
1105 20.5
16.5 18.9
22.7 ---..-

28.7
27.2
23.4
16.2

5.9
10.2
14.6
20.7

22.9
21.7
17.4
12.7

6.’9
12.1
17.3
24.5

16.9
19*O
18.7

29.6
27.2
23.2
16.4

6.2
10.8
15.2
21.7

9.7
9.1
8.6
8.7

8.2
9.3
8.0
8.4

24.7
23.1 I
20.4
14.2-----

124.222.31:::
18.0
24.!5

17.6
1808
18.7
-----

29.7
28.5
23.1
16.4

.6*6
11.3
16.3
22.5 J19.413.3

[

0.2

0.3

0.4

L0.5

——
28.4
24.3
22.8
15.9 T8.8 21.3

7.9 18.7
9.2 16.6
8.7 13.3

——
7.1
12.5
18.0
24.9

J::
18.7
26.0

----- 32.8
----- 29.7
----- 25.7
----- 16.2

28.3 37.0
----- 32.6
----- 28.2
----- 17.6

----- 35.2
----- 33.3
----- 29.3
----- 17.1

----- 33.2
----- 33.8
----- 27.9
----- 17.7

6.7
11.7
16.8
23.4

17.2
18.2
-----
-----

6.1
10.6
15.2
21.2

6.5
11.3
16.2
22.6

6.8
12.0
1’7.2
23.8

6.9
11.8
17.0
24.0

J::
17.9
24.8

28.9
28.2
24.4
16.9

29.2
27.8
23.3
17.0

28.5
27.4.
23.5
17.2

23.6
22.2
19*3
13.8

-----
9.4
8.6
9.2

10.1
7.9
9.1
8.2

------
-----
17.6
---.-

24.4
22.6
19.5
13.4

1:::
20.3
27.4

7.5
13.2
18.7
25.8

14.4
18.6
---.-
-----

18.5
-----
17.4
-----

7.9
13.9
19,8
27.5

7*5
1303
18.8
26.7

8.8
-----
7.9
8.2

23.6
22.9
19.9
14.2

r
7.2
12.6
18.0
25.4

7.6
13.5
19.1
26.5

8.1
14.0
20.1
27.8

8.0
14.1
20.2
28.6

----- 32.0
----- 27.7
----- 23.6
----- 17.3

6.8
11.9
16.6
2!4.1

707
12.8
18.1
25.4

19.2
20.1

25.3
22.7
20.2
17*3

6.3
10.9
15.7
21.8

9*O
8*6
8.8
8.9

20.8
17.8
16.3
13.7

0.2 -----
-----

6*6
11.7
16.5
23.2

8.9
8.5
8.5
7.9

22.9
22.3
19.2
14.4

28.4 33.8
----- 32.0
----- 28.5
----- 18.6

19.1
19.5
19.1

27.8
26.6
23.6
17.6

0.3
-----

18.6
20.1
18.4
-----

27.6
26.8
22.6
17.2

----- 32.5
----- 31.7
----- 28.2
----- 17.5

J::
19.3
26.5

7.6
13.6
19.5
27.4

7.1
12.5
17.8
25.1

7.2
12.7
17.8
25.4

9.0
9*O
8.8
8.9

23.6
21.6
19.7
14.0

0.4

0.5

8.1
8.8
8.8
8.1

22.5
20.9
18.9
14.8

----- 31.2
----- 30.2
----- 26.5
----- 17.1

17.9
-----

26.9
25.0
23.7
16.5

-----
-----
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figure 7- strength of test pane is with Z- wet ion
stiffaw-s, t ~/t ~ =0.79 (bA/tw =9.8, rA/tw =3, rF/tw=4).



TABLE IV.- TEST DATA FOR PANEIS WITH

ro = 1-J

$
= 35

mti

75 Q
‘o

.QbF LEEIa
----- 33.8
----- 30.4
----- 26.7
----- 16.8

----- 36.3
----- 32.8
----- 26.8
----- 1’7.6

----- 36.7
----- 33.7
----- 2’7.3
----- 17.5

33.0 36.1
32.2 34.1
----- 28.0
----- 17.2

0.2-

0.3

0.4

0.5

—

0.2

0.3

0.4

—

0.5

27.6
26.9
22.3
16.0

7.2
12.7
18.1
25.3

1::!
18..9
24.8

6.8
12.1
17.1
24.0

J::
17.7
25.4

19.5
19.7
20.6

6.3
10.9
15.6
21.6

8.3
9.2
9.0
9.1

8.6
7.7

:::

22.2
19.9
17.4
13.7

18.3
18.4
18.6

30.2
27.8
23.2
18.5

1:::
16.4
23.2

24.0
23.2
18.3
14.6-----

20
7.9
13.7
19.6
26.4

7 ●4
12.9
M.8
25.8

18.8
18.0
17.5
-----

31.6
29.1
24.1
16.7

7.0
12.3
17.5
24.6

9.7
8.4
8.3
8.9

25.9
23.8
20.1
14.3

8.3
14.2
20.4
28.5

8.0
13.8
19*5
27.1

20.0
19.0
17.6

32*O
28.2
23.2
16.5

‘7.2
12.9
18.3
25.5

9.0
8.5
8.7
9.2

26.1
24.7
20.2
14.8---.-

6.7
2105
16.8
25.4

8.9
8.9
9.1
8.9

.---- 21.s
18.8
18.0
13.7

7.4
12.9
19.1
26.1

‘i.8
13.9
19.3
26.9

31.6
26.8
22.9
17.3

33.5
31.7
27.3
18.1

35.4
31.8
28.7
16.4

35.3
33.1
25.3
16.8

7.2
12.8
18.2
24.7

20.9
19.6

26.9
24.6
21.2
16.7

-----
----- .----
-----

----- 7.4
13.0
18.5
26.0

19.2
19.4
18.6

29.6
27.1
24.3
17.2

7.1
12.0
1’?,4
24.4

9.2
8.2
8.3
9.2

24.2
22.4
20.7
14.7

-----
-----
-----

-----
----.

-----

25
8.1
13.8
20.0
27.1

7.8
13.7
1901
27.S

18.4
19.9
--.--

31.0
27.7
24.5
18.0

7.2
12.5
18.2
24.6

7.7
13.3
19*1
26.3

7.s
8.8
8.3

..---

25.8
24.1
21.1
14.3

---.-

19.5
20.1
20.1
-..--

8.3
14.6
20.6
28.7

32.7
31.6

8.1
14.1
19.9
28.S

30.8
27.9
23.9
17.s

8.6
9.3
8.8
9.5

25.5
23.9
21.5
14.1

--..-
-----

0.2

0.3

0.4

0.5

7.6 ---s-
13.2 -----
18.7 -----
26.4 -----

8.0 -----
14.0 -----
19.9 -----
28.0 -----

8.4 32.4
14.4 -----
20.8 -----
28.9 -----

8.5 -----
14.8 -----
21.2 -----
29.4 --.--

3
29.7
25.5
21.7
16.8

33.1
29.4
23.6
15.0

iETa 609 8.8 21.3
11.9 8.9 18.7
17.1 8.9 16.1
23.4 10.0 14.1

7.4 8.6 23.9
12.7 8.6 21.6
18.3 8.6 19.6
25.8 8.6 14.5

7.6 8.0 24.2
13.4 8.8 22.8
19.1 8.5 20.8
26.6 8.4 14.8

LET=EEl
30m

~

33.3
31.6
23.8
15.1

32.7
30.1
26.0
13.5 m m
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Ficjure 8.- Strength of tast panals with Z-section
stiff~n~rs, t#~ =1.00 (bA/t~ ‘8.6, rA/t~” 3, r#t~”4’).
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